We discuss leptogenesis in the context of type-II seesaw in the case in which in addition to the scalar electroweak triplet decays the lepton asymmetry is also induced by right-handed neutrino decays (mild hierarchical scenarios). We show that within this setup, depending on the relative sizes of the relevant parameters, one can identify three classes of generic models, each one with its own consequences for leptogenesis.
Introduction
Going beyond standard leptogenesis means going beyond type-I seesaw. Certainly the most simple frameworks for such a task are provided by type-II seesaw, type-III seesaw or interplays among them (a full analysis can be found in [1] ). In particular the "hybrid" type-I plus type-II scenario has been discussed in the limit of right-handed (RH) neutrino decoupling [2] 1 , so we here aim to extend upon this consideration by discussing scenarios were a net non-zero baryon asymmetry is builded up from the dynamics of both, the electroweak triplet and the lightest RH neutrino, scenarios we dub as mild hierarchical scenarios.
This paper is mostly based on references [5, 6] .
Type II seesaw and leptogenesis
Extending the standard model with a scalar electroweak triplet induces a new set of interactions determined by
Email address: daristizabal@ulg.ac.be () 1 Leptogenesis in type-III scenarios was discussed for the first time in [3] and subsequently discussed in [4] .
with ∆ given by
These interactions solely can account for neutrino masses and mixings, with the effective light neutrino mass matrix given by
where ∆ = v ∆ . Successful leptogenesis, however, requires going beyond the interactions in (1). Here we will consider RH neutrinos as the new degrees of freedom allowing the generation of a baryon asymmetry consistent with data i.e. scenarios with interplay between type-I and type-II seesaw. The interactions induced by the RH neutrinos,
lead to the standard type-I CP asymmetry parameter in N k decays, N k , while the combination of interactions in (1) and (4) yield a new contribution,
, to the total CP asymmetry, tot N k [7] . While N k decays receive contributions from wave-function as well as vertex one-loop corrections, in the setup considered here triplet decays are subject only to vertex corrections. Thus, the CP asymmetry parameter in triplet decays, ∆ , arises solely from the interference between the tree-level and vertex correction.
Kinetic equations for triplet and RH neutrino dynamics
Depending on the mass spectrum of the mixed type-I plus type-II scenario, the lepton asymmetry can be produced by RH neutrino decays, triplet decays or both. When writing the Boltzmann equations accounting for the dynamics of the state producing the lepton asymmetry those states which are decoupled can be ignored and-in general-only the lightest state interactions have to be included. In mild hierarchical scenarios, where M ∆ ∼ M N 1 , both the triplet and lightest RH neutrino reactions play a crucial role.
The full network of kinetic equations for the case under consideration consist of five coupled differential equations for the following densities:
The resulting equations satisfy the constraint
as a consequence of hypercarge conservation 2 . With this constraint at hand and in the one-flavor approximation the final network of Boltzmann equations can be written according to [5] 
where the following conventions are used:
and γ D N 1 , γ D ∆ and γ A are the reaction densities for: RH neutrino and triplet decays and triplet annihilations. The factors K ,H resemble the flavor projectors defined in standard flavored leptogenesis [8, 9] as they project triplet decays into the Higgs or the lepton doublet directions. They are given by
2 The same relation is found to hold in the case when the RH neutrino is decoupled [2] . This is expected since the RH neutrino is a vanishing hypercharge state.
where the parametersm ∆ andm 2 ∆ are given bỹ 
Results
The details of the generation of the lepton asymmetry are determined by the relative size of the different parameters intervening in eqs. (6), which fix the size of the corresponding Yukawa, Higgs and gauge reaction densities and also fix the direction in the "leptonHiggs space" through which the triplet, Higgs and lepton asymmetries are projected (see eqs. (7)). Three possible scenarios can be defined [5] :
A. Purely triplet scalar leptogenesis models:
The relevant parameters follow the hierarchym 1 m ∆ ,m ∆ . The L asymmetry is generated through the processes ∆ ∆ ∆ →¯ ¯ or ∆ ∆ ∆ → HH and the details strongly depend on whetherm ∆ m ∆ ,m ∆ m ∆ or m ∆ ∼m ∆ . Interestingly, whenm ∆ m ∆ the Higgs asymmetry-being weakly washed out-turns out to be large and implies a large lepton asymmetry. B. Singlet dominated leptogenesis models:
These scenarios are defined according tom 1 m ∆ ,m ∆ thus leptogenesis is mainly determined by N 1 dynamics. The relative difference between the parametersm ∆ andm ∆ determines whether either the Higgs asymmetry or the L asymmetry are strongly or weakly washed out, thus three cases can be dis-
Each of them exhibit different features. C. Mixed leptogenesis models:
In these models the parameters controlling the gauge reaction densities strengths are all of the same order i.e.m 1 ∼m ∆ ∼m ∆ . A full discussion of these schemes can be found in [5] . Here in order to illustrate the main features of leptogenesis in these scenarios we show in fig. 1 fig. 2 . Indeed the large Higgs asymmetry allows the development of a large triplet and lepton asymmetry at values slightly above z ∼ 1, as required by condition (5). At higher values the triplet asymmetry is diluted and transferred to the lepton asymmetry which accordingly increases, and matches the Higgs asymmetry when the triplet asymmetry is entirely depleted. This effect (storing a large asymmetry in certain lepton-Higgs direction) resembles what can happen in standard leptogenesis when flavor effects are taken into account.
Conclusions
We discussed scenarios where leptogenesis takes place due to interplay between type-I and type-II seesaws. In particular, we have analysed scenarios where the lepton asymmetry is generated through the CP violating decays of the lightest RH neutrino and the electroweak triplet. Working in the one-flavor approximation, it has been shown that three scenarios for the generation of a baryon asymmetry via leptogenesis can be identified. Even under this assumption we have found that in some of the scenarios discussed, the simultaneous presence of triplet and RH neutrino interactions al- lows an enhancement of the lepton asymmetry produced via leptogenesis.
